The mode of surface failure of commercial and experimental restorative resins and composites was evaluated with a single-pass sliding test. The wear of restorative resins and composites is determined by the resistance of the material to penetration and by the mode of deformation during sliding.
Improvement in the wear resistance of restorative resins requires knowledge about the mechanisms of surface failure of these materials during a process such as abrasion. A two-body abrasion test of commercial and experimental restorative resins has shown that the polymer matrix of composite materials wears at a faster rate than that of an unfilled acrylic resin.1 Additions of inorganic filler and a silane coupling agent improved the abrasion resistance of the composite polymer dramatically.
The purpose of this investigation was to characterize the surface failure of unfilled diacrylate and acrylic resins and to determine the influence of inorganic filler and a silane coupling agent on the mode of failure of the diacrylate resin.
Materials and Methods Two composite resins (A and B), an unfilled resin (C), and experimental formulations of diacrylate resin without filler (D and E), and filler without silane treatment (F and G) were evaluated for the mode of surface failure. Product names, batch numbers, and manufacturers are given in Table 1 .
The resins were mixed according to the manufacturers' instructions and packed into a cylindrical hole (6.4 mm in diameter and 2.5 mm in depth) in a cylindrical sample mold (2.5 cm in diameter and 1-cm thick) made from acrylic rod. A glass slide was placed on the surface of the mold to provide a smooth surface on the resin sample. The samples were stored at 37 C for 24 hours before testing.
The apparatus used to scratch the surface of a specimen and measure the tangential force has been described in detail elsewhere2 3 Knoop indentera at a load of 250 gin. Ten measurements were made on each material and the average was calculated.
Results Average values of tangential force and track width vs normal load are shown in Figures 1 and 2 , respectively. A polynomial regression curve through zero was fitted to the tangential force vs normal load data. Materials A, B, D, and G had linear curves; material F, a second degree polynomial curve; and materials C and E, third degree polynomial curves.
A linear regression curve was fitted to the log of track width vs the log of normal load for each material. The slope and the antilog of the intercept at a load of 1 gm for each curve are given in Table 2 experiment. Deformation of the composite and experimental formulations was observed as the formation of grooves or cracks in the material or as flaking of the surface (analogous to chevron formation). The force required to deform these resins also depends on the penetration of the slider into the material. At a normal load of 300 grn, those resins with larger values of track width (and therefore deeper penetration) also had higher values of tangential force. At the 300 gm load, the surface failure of materials A, B, D, and E was Class 1. Although materials F and G were classified as Class 4 the extent of flaking was small. At a normal load of 500 gm, however, those resins (D, E, F, and G) that had a mode of failure other than groove formation had dramatically higher values of tangential force than materials A and B in which failure type was Class 1.
The diacrylate resins without filler (D and E) had lower values of track width at a load greater than a normal load of 300 gm than the unfilled acrylic resin (C); however, the tangential force values of D and E were higher than C at values greater than 100 gm. Penetration in these materials was highly dependent on the hardness of the resin, whereas the formation of a wear scar was dependent on the mode of deformation. The Knoop hardness of C was about 28% lower than the average hardness of D and E and 
